The intracellular and extracellular acidic a-mannosidase in cultures of fibroblasts from mucolipidosis-II patients has normal kinetics. The extracellular activity in cultures of cells from mannosidosis patients is normal, but a mutant enzyme is associated with the cell surface and intracellular fraction. The results support the involvement of membrane cycling and recognition markers in lysosomal enzyme localization.
The intracellular and extracellular acidic a-mannosidase in cultures of fibroblasts from mucolipidosis-II patients has normal kinetics. The extracellular activity in cultures of cells from mannosidosis patients is normal, but a mutant enzyme is associated with the cell surface and intracellular fraction. The results support the involvement of membrane cycling and recognition markers in lysosomal enzyme localization.
Several forms of a-mannosidase with different subcellular localizations occur in mammalian tissues. The lysosomal forms (Carroll et al., 1972; Chester et al., 1975) have an acidic pH optimum, and the cytosol contains a-mannosidase activity with an optimum at neutral pH (Marsh & Gourlay, 1971) .
A third type of activity with an intermediate pH optimum (Snaith, 1973; Phillips et al., 1974) has been purified from Golgi membranes (Tulsiani et al., 1977) . This intermediate a-mannosidase activity has also been detected in body fluids such as cerebrospinal fluid and urine (Cheron et al., 1975) , and in serum (Cheron et al., 1975; Hirani et al., 1977) , where it is quantitatively the major form of a-mannosidase. Apart from their pH optima, the three forms can be distinguished by their characteristic responses to Co2+ and Zn2+ ions (Hirani et al., 1977) . The acidic form is activated by Zn2+ and inhibited by Co2+. The intermediate form is activated by both ions, whereas the neutral form is activated by Co2+ and slightly inhibited by Zn2+. As the Zn2+ activation is pH-dependent, the presence or absence of Zn2+ affects the apparent pH optimum.
The human lysosomal storage disease mucolipidosis II is characterized by a multiple intracellular deficiency of lysosomal hydrolases, including acidic a-mannosidase, in cultured fibroblasts and lymphocytes, and by elevated activities of the same enzymes in extracellular fluids (Wiessman et al., 1971) . It has been suggested that the faulty distribution of hydrolases between the extracellular and lysosomal compartments in mucolipidosis II is due to a defect in a common recognition marker on the enzymes (Hickman & Neufeld, 1972) .
A specific deficiency of acidic a-mannosidase is associated with another human storage disease, Vol. 187 mannosidosis (Ockerman, 1967) , and a mutation in the structural gene has been proposed as the primary defect in the disease (Beaudet & Nichols, 1976) . A recognition defect, similar to that in mucolipidosis II, but affecting only a-mannosidase, has also been postulated (Hultberg & Masson, 1977) .
In the present study some characteristics of the intra-and extra-cellular a-mannosidase activities in fibroblast cultures from patients with human mannosidosis and mucolipidosis II are compared with the corresponding activity in normal controls. In addition, we have attempted to separate that fraction of the activity that is associated with the external surface of the fibroblasts to ascertain whether it originates by re-adsorption of exocytosed enzyme from the medium or by exteriorization of intracellular activity.
Materials and Methods

Cell culture
Fibroblasts were cultured from three normal adults, a patient with mannosidosis and a patient with mucolipidosis II, in Ham's F10 medium (Flow Laboratories, Irvine, Scotland, U.K.) supplemented with 10% (v/v) pH-inactivated foetal-calf serum (Flow Laboratories), penicillin (100 units/ml of medium) and streptomycin (0.1 mg/ml of medium) (both from Gist-Brocades, Delft, The Netherlands). Fresh medium was left in contact with the resuspended cells from confluent cultures of fibroblasts for 5 days (1.5 ml of medium/3 x 105-5 x 105 cells), after which time it was poured off, centrifuged (90g for 10min) and the cell-free supernatant assayed for enzyme activity. This represents the extracellular activity. 
Results and Discussion
The activity-pH profiles for the intra-and extracellular a-D-mannosidase in control fibroblasts showed the expected acidic optimum, pH 4.7, corresponding to acidic a-D-mannosidase and a shoulder of activity between pH 6.0 and 7.0 corresponding to neutral a-D-mannosidase. The pH optimum of the neutral a-D-mannosidase, pH 6.3-6.4, was clearly seen in the intracellular activities from cells from mannosidosis and mucolipidosis-II patients, in which there was a deficiency of acidic a-D-mannosidase. Table 1 shows the relative intra-and extra-cellular activities of acidic and neutral a-D-mannosidase in the strains from mannosidosis and mucolipidosis-II patients and in three control strains. The activity and distribution of the neutral enzyme are clearly not affected in either of the mutant strains, both of which are characterized by a profound intracellular deficiency of acidic a-D-mannosidase. Although the extracellular acidic a-D-mannosidase of the mucolipidosis-II-patient cells is high, as expected for a defect in the localization process, that for the mannosidosis cells is relatively low. Nevertheless there is a significant amount of the acidic activity in the medium from both of these cells types, despite the intracellular deficiency.
The intra-and extra-cellular acidic a-D-mannosidase activities in normal and mucolipidosis-Ilpatient cells all have similar Km values and responses to Co2+ and Zn2+ (Table 2 ). This suggests that the defect in processing of lysosomal hydrolases in mucolipidosis II does not affect the kinetic properties of acidic a-D-mannosidase. In contrast, the intracellular acidic activity from cultures of fibroblasts from a patient with mannosidosis was different from the extracellular activity, which appeared to be normal. The higher Km value and activation by Co2+ of the intracellular activity were consistent with it being a mutant enzyme. A difference between the intra-and extra-cellular acidic a-D-mannosidase activities in mannosidosis had previously been reported by Hultberg & Masson (1977) , who interpreted their observation as a specific defect in the cellular resorption of acidic a-D-mannosidase in this disorder. Therefore it was decided to examine the nature of the pericellular enzyme that could be released from the surface of mannosidosis cells by treatment with trypsin. This enzyme fraction could represent exocytosed intracellular enzyme that has not been released into the medium, or re-adsorbed extracellular enzyme that for some reason was not endocytosed. This enzyme fraction was found to resemble the residual intra- Thus we may suppose that two forms of acid a-mannosidase are generated by the cell strain from the mannosidosis patient. A small amount of activity with abnormal kinetic properties remains in the cell and may be found exteriorized on the cell surface. On the other hand, the majority of the enzyme that is synthesized has normal kinetics, but is secreted into the medium and apparently lacks the essential properties for binding to the membrane and uptake into the cells. These results provide evidence for membrane cycling in the localization of lysosomal enzymes (Lloyd, 1977) and for recognition between cell receptors and markers on lysosomal enzymes (Hickman et al., 1974) . The clear difference between the extra-and intra-cellular acidic a-mannosidase in mannosidosis make this disorder a valuable model for studying the mechanism of localization of lysosomal enzymes.
